This study aims at the investigation of using magnetic water (MW) to manage brown rot (bacterial wilt) disease of potato. The effect of magnetic field (MF) on the viability of Ralstonia solanacearum (the bacterial causal pathogen of this disease) was investigated by passing the suspension of R. solanacearum through a magnetic liquid modifier tube. The viable count of the bacterial pathogen increased with the increasing of the incubation time (1, 2, 3 and 4 h) as well as with increasing the number of passes through the magnetic tube. In the pots experiment (carried out at Tag El-Ezz Agricultural Research Station, Dakahlia Governorate, Egypt -during the period of 17 February to 12 May 2016), the irrigation with MW led to significant increases in total phenols, polyphenol oxidase, peroxidase, total chlorophylls, chlorophyll a chlorophyll b, and carotenoids. Significant increase in plant height after 50 and 70 days of planting and decrease in disease rating were noticed. The viable count of R. solanacearum in rhizosphere of the plant irrigated with MW was significantly decreased after 70 and 108 days of planting when compared with the plants irrigated with tap water (TW). The irrigation with MW led to significant increase in potato yield (25.64 %) and a significant decrease in the percentage of infected tubers (40.22 %) in comparing with the plants irrigated with TW. These studies encourage more studies for the use of MW to manage brown rot disease of potato as well as other plant diseases.
INTRODUCTION
Potato is one of the most vital crops in the world, it is the fourth consumed food after wheat, maize and rice (Mahgoub et al., 2015) . In 2016, the total cultivated area of potato in the world was 19,246,462 hectares (47,559,068 .63 feddans) producing 376,826,967 tons of tubers with an average of 7.92 tones/feddan. Compared with in Egypt, potato is an important crop in Egypt for local consumption and exportation with an average yield of 11.025 tons/feddan (FAO, 2016) .
Brown rot disease of potato is a very important disease that threats potato plantation in the world. The causal bacterial pathogen; Ralstonia solanacearum has a wide host range. It infects more than 450 plant species belonging to 54 families. It has high persistence. There is no available resistant of crop varieties (Patil et al., 2017) .
The earth's geomagnetic field affect plants and other living organisms on the earth. External application of a magnetic field (MF) alters the growth and development of the organisms (Maffei, 2014) .
The MF may alter the viability of bacteria. Fojt et al. (2004) showed that low-frequency MF (t < 30 min, Bm = 10 mT, f = 50 Hz) led to decrease the viability of Staphylococcus aureus, Leclercia adecarboxylata and Escherichia coli. On the other hand, Fijałkowski et al. (2015) revealed that the rotating magnetic field (RMF) (B ¼ 25-34 mT, RMF frequency f ¼ 5-50 Hz, time of exposure t ¼ 60 min, temperature of incubation 37 °C) encouraged the growth of E. coli, K. oxytoca, S. aureus, S. marcescens, S. mutans, C. sakazakii, and S. xylosus. Ren et al. (2018) indicated that low-intensity MF (15-35 mT) enhanced the capacity of Acinetobacter sp. B11 to eradicate oil by 11.9% at 25 mT comparing with bacteria without magnetic field. Li et al. (2015) showed that the intensity of MF and the time of treatment play an important role in the bacterial growth. The treatment of 300 mT for 10 minutes improved Paenibacillus sp. growth, while, high magnetic field intensity (500mT) caused inhibition of Paenibacillus sp. growth. Mahdi et al. (2017) indicated that magnetic water had bactericidal effect against Pseudomonas aeruginosa having multidrug resistance.
An external application of MF on water causes changing in the electronic, atomic and molecular structure leading to differences in viscosity, boiling and solidifying point, and other properties (Pang and Deng 2008) . Irrigation with MW caused an increase in soil moisture in comparing with the control treatments for different solutions of saline and hard water. Therefore, irrigation with MW plays an important role in decreasing the quantity of irrigation water (Surendran et. al., 2016) .
Irrigation with MW can improve quantitatively and qualitatively the growth and development of plants by enhancing the germination of seeds, the early vegetative growth of seedlings and can also adjust the mineral content of seeds or fruits. Therefore, MW could be considered as one of the most promising tools in the future to improve the crop productivity in an eco-friendly way (Teixeira da Silva and Dobránszki, 2014) . Hozayn and Abdul Qados (2010) revealed that irrigation with MW improved the chemical constituent, growth and yield of chickpea in pots experiment. El Sayed (2014) showed that irrigation with MW improved the chemical composition, growth and yield of broad bean plant in pots experiment. Moreover, Ghanati et al. (2015) indicated that irrigation with MW enhanced the growth, metabolism, yield quality and quantity of maize plants. Ahmed and Abd El-Kader (2016) showed that the use of MW in irrigation of potato (var. Diamont) in field experiment improved the vegetative growth, tuber yield, component of potato plants, decreased soil salinity and enhanced soil fertility.
This study aims to investigate the effect of MW on the viability of R. solanacearum and the effect of irrigation with MW on the management of brown rot disease of potato through the effect on physiological properties of potato plant, yield of potato tubers, percentage of infected potato tubers and the viability of R. solanacearum in the rhizosphere of potato plant.
MATERIALS AND METHODS

Bacterial pathogen:
A virulent isolate of R. solanacearum (race 3 biovar 2) was obtained from Culture Collection of Bacterial Diseases Research Department, Plant Pathology Research Institute, Agricultural Research Center, Giza, Egypt.
Potato tubers:
Potato tubers cultivar (Spunta) was obtained from Nubaria district, Bahaira Government, Egypt.
Magnetic Tube:
Magnetic liquid modifier tube (Russian technology) with a total length of 10.5 cm, the length of magnetic part 8.5 cm., the magnetic field intensity was 35 mT, the flow rate of water was 1 L in 38 seconds (0.026 L/sec. 0.095 m 3 /h.) Effect of MF on viability of R. solanacearum:
R. solanacearum grown on Nutrient Glucose Agar (NGA) slants for 48 h at 28 °C, was harvested into tape water (TW) in a flask and adjusted to a concentration about 10 8 CFU/ ml. The bacterial suspension was passed through the magnetic tube (MT) for one pass then one-third of the bacterial suspension was taken in another flask. The two third remaining bacterial suspension was passed 9 times through the MT for achieving 10 passes and half of this suspension was separated in a third flask. The remaining part of the bacterial suspension was passed through the MT additional 10 passes to achieve 20 passes. Then, there were three flaks of the bacterial suspension passed through the MT 1, 10 and 20 times. The bacterial suspensions were incubated in a shaking incubator (28 °C and 120 RPM). After 1, 2, 3 and 4 h serial dilutions were done for each bacterial suspension in each flask and plated onto SMSA plates (Elphinstone et al. 1996) . The plates were incubated at 28 °C for 48 h. The colony forming unit/ ml (CFU/ ml) was counted and log CFU/ ml was calculated. For each dilution, five replicates were prepared.
Preparation of bacterial pathogen for pots experiment:
R. solanacearum was inoculated in Nutrient Glucose Broth (NGB) and incubated in an incubator shaker (28 °C and 120 RPM) for 48 h. Bacterial growth was harvested by centrifugation (10000 rpm/ min for 20 min.). The precipitate was re-suspended in sterilized TW. The bacterial suspension was adjusted to 10 8 CFU/ ml concentration.
Pots experiment
This experiment was carried out at Tag El-Ezz Agricultural Research Station, Dakahlia Governorate, Egypt during the period of 17 February to 12 May 2016. The plastic sacks (pots) of 35 cm diameter were filled with 20 kg non-sterilized soil. This soil composed of a mixture of clay and sand 1:1 (w: w). Each pot was irrigated with water, left for 48 h and infested by the 100 ml of R. solanacearum suspension (10 8 CFU/ ml). After 48 h., two slices were planted in each pot, one plant was harvested after 40 days and the other plant was harvested at the end of the experiment. The pots were divided into two groups; the control plants were irrigated with TW and the treated plants were irrigated with MW.
Biochemical assessment of potato plants in pot experiment
The following biochemical assessments were carried out in plants harvested after 40 days of planting. The total phenol content was determined using Folin Ciocalteau reagent according to the method described by Blainski et al. (2013) . Assay of polyphenoloxidase (PPO) and peroxidase (POD) were carried out according to the methods described by Seleim et al. (2014) . Total chlorophyll, chlorophyll a, chlorophyll b and carotenoids in potato leaves were determined according to Mackinney (1941) .
Disease rating:
Wilt symptoms were recorded daily according to the scale of Kempe and Sequeira (1983) where, (0 = no symptoms, 1= up to 25 % wilt, 2 = 26-50 % wilt, 3 = 51-75 % wilt, 4 = 76-99% of the foliage wilted and 5 = dead plants. Each replicate was examined and disease rating was recorded. Mean value for each treatment was calculated.
Tubers yield:
At harvesting time, tubers of each pot were weighted. The mean weight and the percentage in the increase of tubers yield was calculated.
The percentage of the increase in tubers yield = [(Tubers weight of treatment -tubers weight of control) / tubers weight of control] X100 Infected potato tubers:
tubers were stored for 6o days at room temperature to encourage the development of latent infection and facilitate symptoms detection (Graham et al. 1979) . After storage period, potato tubers were cut to detect the number of infected tubers and the mean value of percentage of infected tubers was calculated for each treatment. Soil samples were collected from rhizosphere of plants of each pot. The soil samples from five replicates of each treatment were mixed well and left to be air dried then grounded after plant debris were removed.
The bacterial count of R. solanacearum was carried out on SMSA plates as described by Larkin (2016) .
Statistical analysis:
Preliminary experiment was analyzed using Analysis of Variance and Duncan's Mutable Range test was used to compare the means at probability (p) value of ≤.0.05). Unpaired t-test was used to statistically compare between magnetic and normal water treatments using SPSS statistics software package, Version 16. All values are means of five replicates. Table ( 1) show that the increase in the number of passes through the magnetic tube (MT) and the increase in the incubation time in MW led to significant increase in the viability of R. solanacearum while the viability of R. solanacearum did not significantly change by incubation in TW. The highest recorded value of log CFU/ ml (8.272) was recorded when the bacterial suspension was passed through the magnetic tube 20 times and incubated for 4 h. After 1 h. of incubation time, the value of log CFU/ ml of R. solanacearum was 7.788 after one pass while it increased to 8.083 and 8.206 after 10 and 20 passes, respectively. The same manner was observed with the incubation periods 2, 3 and 4 h. Moreover, the bacterial count increased significantly by increasing the number of passes with incubation time 1 h., the values were 7.788, 8.083 and 8.206 in case of one, 10 and 20 passes, respectively. Ren et al. (2018) who indicated that low-intensity MF enhanced the activity of Acinetobacter sp. B11. In addition, Li et al. (2015) indicated that the treatment of 300 mT for 10 minutes improved Paenibacillus sp. growth. (Fijałkowski et al., 2015) mentioned that the enhancement of bacterial viability may be due to the activation of bacterial metabolic activity that stimulates the growth rate and biofilm formation. Li et al. (2015) and Ren et al. (2018) revealed that the stimulation of bacterial growth may also due to the increasing of bacterial enzymatic activities.
RESULTS AND DISCUSSION
Data in
Data in Fig. (1) illustrate that, in the pots experiment, the irrigation with MW led to significant increase in the total phenols, polyphenol oxidase (PPO) and peroxidase (POD). The total phenols increased from 13.61 mg GAE/g FW in the plants irrigated with TW to 18.79 mgGAE/g FW in the plants irrigated with MW and PPO increased from 8.22 to 13.57 Unit/min. g F.W., POD increased from 15.83 Unit / min./ g FW in plants irrigated with TW to 24.64 Unit/ min./ g FW in plants irrigated with MW. Therefore, the irrigation with MW significantly increased the systemic induced resistance of potato plants. These results are confirmed by the results of Ghanati et al. (2015) who indicated that irrigation with MW enhanced the metabolism of maize plants and increased the activity of ascorbate peroxidase and superoxide dismutase. Phenols act as antimicrobial, antioxidant, and photoreceptor. Phenols rapid accumulate at the infection site as the first step of the defense strategy that hinders the pathogens' growth. There are probable roles for defense role of POD such as the toxicity to pathogens, quickening the infected cells death that decreases the availability of cellular proteins to the pathogen, causing a physical barrier to pathogens in the cell wall, and quinone redox cycling leading to H 2 O 2 and other reactive oxygen species that are known as defense signaling. The PPO play a role in the creation of toxic secondary metabolites and its simultaneous oxidant and antioxidant activity that can help in the defense response of plants in response to stress conditions (Ezzat et al., 2015) Fig. (2) show that chlorophylls were significantly increased in potato plants irrigated with MW and carotenoids were significantly increased. Total chlorophyll increased from 2.013 mg/g FW in the plants irrigated with TW to 3.109 mg/ g FW in plants irrigated with MW. Chlorophyll a increased from 1.375 to 2.235 mg/g FW in the plants irrigated with TW and plants treated with MW respectively. Also, Chlorophyll b increased from 0.638 in the plants irrigated with TW to 0.874 mg/g FW in plants irrigated with MW and carotenoids increased from 0.692 in the plants irrigated with TW to 0.788 in plants irrigated with MW. These results revealed that the irrigation with MW significantly enhanced the physiological characters of potato plants. These results are in harmony with findings of Hozayn and Abdul Qados (2010) who indicated that irrigation with MW led to increments of chlorophylls a and b, total chlorophylls and carotenoids of chickpea in pots experiment. Furthermore, these findings are confirmed with results of Ghanati et al. (2015) who reported that the photosynthetic pigments levels (chlorophyll a and b, flavonoids and the of anthocyanin's contents) of the leaves of maize plant increased in treatment irrigated with MW in comparing with the plants irrigated with TW. Photosynthetic pigments are indicators of plant health and immunity. The chloroplasts have an important role in plant immunity by hosting biosynthesis of many key defense-related molecules, including secondary messengers and hormones. The chloroplast is a main direct target for many pathogen effectors to destroy accumulation and signaling of prodefense molecules (Serrano et al. 2016) Data in Fig. (3) show that the irrigation with MW caused a significant increase in plant height after 50 days from 15.6 cm in the plants irrigated with TW to 17.4 cm in plants irrigated with MW. Furthermore, the plant height after 70 days of planting significantly increased from 23.6 to 27.8 cm in the plants irrigated with TW and plants irrigated with MW respectively. Ahmed and Abd El-Kader (2016) indicated that the irrigation with MW enhanced the vegetative growth, plant height and leaf area of potato plants in a field experiment conducted at El-Gharbiah Governorate, Egypt. This improvement in vegetative growth of plants irrigated with MW may be due to the enhancement of physiological characters. Fig. (4) indicate that the disease rate of bacterial wilt disease significantly decreased from 4.2 in case of plants irrigated with TW to 3.4 in plants irrigated with MW. These results may be due to the enhancement of physiological characters and systemic resistance of potato plants due to irrigation with MW.
Data in Fig. (5) reveal that the irrigation with MW led to a significant decrease of the viable bacterial count of R. solanacearum in the rhizosphere of potato plants after 70 days of the planting and this decrease was significantly after 108 days of the planting (harvesting time). After 70 days of planting, log CFU/ ml of R. solanacearum decreased from 6.387 for plants irrigated with TW to 6.283 for plants irrigated with MW, while, the value after 108 days of the planting decreased from 4.460 for the plants irrigated with TW to 4.327 for plants irrigated with MW.
The decreases of R. solanacearum viability may be due to the enhancement of induced systemic resistance of potato plants that reflecting on the root exudates that might inhibit R. solanacearum. This suggestion had a confirmation of Baetz and Martinoia (2014) who showed that root exudates play an important role in the plant defense. In addition, the irrigation with MW changes the soil characters (Surendran et. al., 2016) that may inhibit R. solanacearum. Furthermore, the microflora of rhizosphere may directly be affected by the irrigation with MW and/ or may be affected by the variation of soil characters resulting from irrigation by MW that may encourage one or more microorganism that antagonized R. solanacearum, leading to inhibition of the pathogen's growth. Fig. (6) illustrate that the irrigation with MW led to a significant increment in yield of potato from 82.02 g in plants irrigated with TW to 103.05 g in plants irrigated with MW causing an increment in the yield by 25.64 %. This increasing of potato yield had the same harmony of Ahmed and Abd El-Kader (2016) who indicated that the irrigation with MW increased the potato tubers yield and enhanced the tubers quality. Furthermore, Hozayn and Abdul Qados (2010), El Sayed (2014) and Ghanati et al. (2015) indicated that irrigation with MW increased the yield of chickpea, broad bean and maize plants. This enhancement of potato tubers yield is expected results and may back to the improvement of physiological characters and vegetative growth of potato plants.
Also, results in Fig. (6) show that the infected potato tubers percentage after 60 days of storage decreased from 92 % in plants irrigated with TW to 55 % in the plants irrigated with MW causing 40.22 % decrement in infected potato tubers percentage. This decrement in the infected tubers percentage may be due to the enhancement of the induced systemic resistance of potato plants irrigated with MW. This effect also may be due to the decrement of the viability of R. solanacearum in the rhizosphere of these plants. 
CONCLUSION
The viability of R. solanacearum increased due to its passing through MF. The irrigation of potato plants with MW caused significant enhancement in the physiological characters, vegetative growth, decreasing the disease rating of bacterial wilt disease of potato plants, increasing the potato tubers yield and decreasing the percentage of infected potato tubers. These findings encourage the use of MW for irrigation of potato plants as environmentally friend tool to manage brown rot disease of potato, enhance potato yield and encourage the investigation the possibility of the using the irrigation with MW to manage other plant diseases.
